Biotinylated oligonucleotide is conjugated to an SHG-active dye (blue) and tethered to a biotin-containing lipid bilayer (pink) via avidin (gray). Incoming light (red line) is directed to the SHG-active dye to generate second-harmonic light (blue line). The intensity of the SHG signal is highly dependent on the orientation of the SHG-active dye with respect to the surface (Z-axis). Upon ligand binding, the tethered oligonucleotide undergoes a conformational change. (B) Ligand-induced conformational changes in the oligonucleotide that alter the net dye orientation relative to the Z-axis change the SHG intensity, which can be measured on the Biodesy Delta in real time. These measurements are reported by the relative change in SHG signal (ΔSHG) SHG can be applied to characterize ligand-oligo interactions across a range of ligand type/size
Figure 1. Detection of oligonucleotide conformational changes by SHG. (A)
Biotinylated oligonucleotide is conjugated to an SHG-active dye (blue) and tethered to a biotin-containing lipid bilayer (pink) via avidin (gray). Incoming light (red line) is directed to the SHG-active dye to generate second-harmonic light (blue line). The intensity of the SHG signal is highly dependent on the orientation of the SHG-active dye with respect to the surface (Z-axis). Upon ligand binding, the tethered oligonucleotide undergoes a conformational change. (B) Ligand-induced conformational changes in the oligonucleotide that alter the net dye orientation relative to the Z-axis change the SHG intensity, which can be measured on the Biodesy Delta in real time. These measurements are reported by the relative change in SHG signal (ΔSHG) SHG can be applied to characterize ligand-oligo interactions across a range of ligand type/size
• Distinguished specific and nonspecific binders • Revealed important structural differences between biologically active and inactive compounds for FMN riboswitch • SHG profile was consistent with orthogonal structural techniques • Detected low affinity interactions that are ambiguous by SPR SHG is uniquely situated to screen biologically-relevant conformational changes in RNA targets RNA and DNA structural elements play an important role in a variety of biological processes, which make them an appealing target for drug discovery. However, traditional protein higher order structural techniques often face challenges when applied to RNA and DNA molecules. Furthermore, these structural techniques are laborious and not amenable to the throughput needed in drug discovery. Moreover, binding techniques capable of higher throughput often do not resolve functional structural elements. In this study, second-harmonic generation (SHG) technology was adapted to study RNA and DNA oligonucleotide conformational changes associated with ligand binding (1). The technique was applied to three distinct RNA/DNA structural classes, including RNA hairpins, G-quartets, and riboswitches, all of which are known to undergo conformational changes upon binding either protein or small molecule ligands (2,3) . In all three cases, SHG was able to resolve conformational changes in these oligonucleotides sensitively and specifically, in solution and in real time, using nanogram amounts of material. Furthermore, these changes were distinct from conformational changes associated with known nonspecific binders. This work demonstrates the broad potential of SHG for studying oligonucleotides and their conformational changes upon interaction with ligands. As SHG offers a powerful, highthroughput screening approach, our results here also open an important new avenue for identifying novel chemical probes or sequence-targeted drugs that disrupt or modulate DNA or RNA structure and function. (B) SHG data were consistent with 1D 1 H-NMR, which also resolved distinct conformations of the FMN riboswitch when bound to FMN, ribocil, WG-1 and WG-3 ligands (compared to apo form) in aromatic region (Δ 6.3-7.6 ppm). (C) SHG data were also consistent with x-ray crystallography. X-ray structure of the FMN riboswitch binding pocket in the absence of ligand (grey) overlayed with the riboswitch bound to FMN (red), ribocil (blue), and WG-3 (orange). While ribocil and FMN both stack face-to-face between the A-48 and A-85 bases, A-48 is flipped when bound to WG-3 and, instead, WG-3 stacks face-to-face between A-48 and G-62.
